Human fibroblasts derived from four individuals with various deletions in the short arm of one chromosome 11 were susceptible to morphological transformation by early region BK virus DNA, whereas diploid human fibroblasts were not. This difference in susceptibility to transformation by early region BK virus DNA might be explained by a putative 'transformation suppressor' locus situated within the deleted region on the short arm of chromosome 11.
Morphological transformation of human cells by BK virus (BKV) (Purchio & Fareed, 1979; Takemoto et al., 1979) and by BKV DNA and its subgenomic fragments (Grossi et al., 1982) has been reported. From these studies it has emerged that the transforming capacity of BKV in human cells is extremely low and that the properties of the transformed cells are markedly different from report to report. Recently we described (van der Noordaa et al., 1986 ) the persistence of BKV in human foetal pancreas cells after infection in vitro. Although all cells continuously expressed BKV T antigen they did not exhibit the transformed phenotype.
From our comparative studies on morphological transformation by BKV and simian virus 40 (SV40), which share 75~ homology at the DNA and protein levels, we concluded that the corresponding early coding regions of BKV and SV40 differed in their ability to transform diploid human fibroblasts (de Ronde et al., 1987) . The early regions of both BKV and SV40 were able to induce the morphological transformation of rodent cells, whereas the early region of BKV DNA in contrast to that of SV40 DNA did not induce the transformation of diploid human fibroblasts derived from embryonic tissue, embryonic lung or foreskin (de Ronde et al., 1987) . The striking difference between rodent cells and human cells in their susceptibility to transformation by BKV indicates that, besides viral factors, cellular factors determine the transformation process.
It has been postulated that the loss of tumour suppressor factors plays an important role in the development of certain human tumours such as retinoblastoma and Wilms' tumour (Comings, 1973; Knudson, 1985; Friend et al., 1986; Bishop, 1987) . In Wilms' tumour there is strong evidence that genetic changes in the short arm of chromosome 11 play a role in tumour development. Congenital deletions of region 1 l pl 3 predispose to wilms' tumour development (Riccardi et al., 1980) and loss of heterozygosity for genetic markers on the short arm of chromosome 11 has been demonstrated for specific cases of Wilms' tumour (Koufos et al., 1984; Fearon et al., 1984; Orkin et al., 1984 Riccardi et al., 1980) . The clinical data of the individuals are given in Table 1 . phenotype of the hybrids is suppressed in cells which have retained the diploid number of the fibroblast-derived chromosome 11 (Klinger & Kaebling, 1986; Saxon et al., 1986) . Recently it was demonstrated that the introduction of a fibroblast-derived chromosome 11 in a Wilms' tumour cell line suppressed its tumourigenic phenotype (Weissmann et al., 1987) . These data indicate that the short arm of chromosome 11 bears loci with tumour suppressor properties deletion or mutation of which leads to an increased susceptibility to tumourigenesis. These observations led us to study the transforming capacity of the early region of BKV DNA in vitro in human cells with various deletions of the short arm of one chromosome 11. Transformation studies were carried out on human fibroblast cultures derived from normal embryonic lung tissue and from three patients (FH, TG and GC) with deletions in the short arm of chromosome 11, one of which (TG) had developed a Wilms' tumour. Two of these (TG and GC) had microscopically identical deletions (l lp12p14. 3). Patient FH had a much larger deletion (1 lpl 1.1 lp15.1) and died at the age of 15 months with no evidence of Wilms' tumour. In addition, embryonic fibroblasts with the same deletion were available from a sibling of patient FH (SH) (Fig. 1 and Table 1 ). In this study of the transformation of human fibroblasts by the BKV early region we have included the SV40 early region, which is able to transform diploid human fibroblasts, as a positive control. For comparative reasons both the BKV and SV40 large T and small t coding regions were placed downstream from the Rous sarcoma virus long terminal repeat resulting in the plasmids pRSV-BK V and pRSV-SV40 (see Fig. 2 ). The plasmids pRSV-BKV and pRSV-SV40 were transfected into the human fibroblasts using the calcium phosphate method (Graham & Van der Eb, 1973) , followed by a 15 ~ glycerol shock 4 h after the addition of the DNA (Frost & Williams, 1978) . The results are presented in Table 2 . Six to 8 (Maniatis et al., 1982) the neomycin resistance coding sequences of pRSV-neo (Gorman et al., 1983) between the unique HindlII and BamHI sites were replaced by the large T and small t coding regions of BKV and SV40 (nucleotides 5148 to 2246 and 5238 to 2533 respectively; numbering as in Tooze, 1981) resulting in the plasmids pRSV-BKV and pRSV-SV40. ( (11) cells]. The dishes were followed for the appearance of macroscopically visible foci of morphologically transformed cells. Foci were scored 6 to 8 weeks after the transfection. Dishes that did not show foci were followed for an additional 8 week period. Large T expression in the transformed cells was confirmed by indirect immunofluorescence using an anti-SV40 hamster tumour serum or an SV40 and BKV large T-and small trecognizing monoclonal antibody (PAB1614; Ball et al., 1984) . weeks after transfection, dense foci of morphologically transformed cells were observed in the human fibroblasts with constitutional deletions of the short arm of chromosome 11 transfected by pRSV-BKV or pRSV-SV40. No morphological transformation of diploid human fibroblasts was induced by pRSV-BKV, but pRSV-SV40 did induce dense foci of morphologically transformed cells. Despite the variation between different experiments inherent to the transfection procedure, it can be concluded that the efficiency of transformation of the human fibroblasts with deletions in the short arm of one chromosome 11 induced by pRSV-BKV was lower than the efficiency of transformation induced by pRSV-SV40. The difference between BKV and SV40 with respect to efficiency of transformation is in agreement with the findings in rodent cells as shown by Yoshiike & Takemoto (1986) and by ourselves (de Ronde et al., 1987) .
For further analysis the pRSV-BKV-transformed cells of the various strains of human fibroblasts with a deletion in the short arm of one chromosome 11 were picked from separate dishes and expanded. Intranuclear BKV T antigen could be detected in the majority of the transformed cells by immunofluorescence. Three foci of pRSV-BKV-transformed cells of one strain (SH) were examined by immunoblotting (Fig. 3) . Both the BKV large T and small t antigens were detected (Fig. 3, lanes 1, 2 and 3) . Cytogenetic studies on the transformed fibroblasts revealed no additional clonal chromosome abnormalities apart from the original 11 p deletion.
In this report we have described the morphological transformation by BKV of human fibroblasts derived from four individuals with various deletions in the short arm of one chromosome I 1. No transformation of apparently normal diploid human fibroblasts could be obtained under similar conditions. From our results it appears that human fibroblasts with a (11) SH human fibroblasts were electrophoresed on a 10 SDS-polyacrylamide gel according to Laemmli (1970) and blotted onto nitrocellulose according to Dunn (1986) . The large T and small t proteins of BKV or SV40 were detected using the monoclonal antibody PAB1614 (Ball et al., 1984) and peroxidase-labelled rabbit anti-mouse Ig as second antibody. Lanes 1 to 3, BKV-transformed del (11) SH cells (three separate colonies); lane 4, del (11) SH cells (untransformed); lane 5, SV40-transformed del (11) SH cells. The positions of the large T and the small t antigens are indicated (the BKV small t migrates somewhat more slowly than SV40 small t). MT are shown at the left ( x t0-3).
deletion in the short arm of one chromosome 11 are more susceptible to morphological transformation by BKV than any other human cell described so far by others and ourselves. This difference in susceptibility might be explained by the loss of a putative 'transformation suppressor' locus situated in the deleted region of the short arm of chromosome 11.
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